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HIGH-FREQUENCY RADIO CIRCUIT 



(57) The invention relates to a high frequency wire- 
less circuit apparatus mainly used in mobile communi- 
cation appliances such as a portable telephone and an 
information communication terminal. It is hence an 
object to improve the reception sensitivity and immunity 
to interference signals. The high frequency wireless cir- 
cuit apparatus of the invention is composed by connect- 
ing a phase shifter 10 between an antenna duplexer 13 
and a low noise amplifier 16, so that the impedance of 
the receiving terminal of the antenna duplexer 13 at a 
transmission frequency and the input impedance of the 
low noise amplifier 16 may not be matched in complex 
conjugates of each other. Therefore it prevents the 
transmission output passing through the receiving ter- 
minal of the antenna duplexer 13 and the interference 
signal entered through the antenna 1 1 from making the 
cross modulation in the low noise amplifier. Thus it 
improves the reception sensitivity and immunity to inter- 
ference signals of the high frequency wireless circuit 
apparatus at the same time. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a high fre- 
quency wireless circuit apparatus mainly used in mobile 
communication appliances such as a portable tele- 
phone and an information communication terminal. 

BACKGROUND ART 

[0002] Generally, the high frequency wireless circuit 
apparatus of this type has been composed as shown in 
Fig. 6. In the drawing, the reference numeral 1 1 denotes 
an antenna; 12 denotes a switch; 13 denotes an 
antenna duplexer; 14 denotes an isolator; 15 denotes a 
power amplifier; 16 denotes a low noise amplifier; 17 
denotes a transmitting input terminal; and 1 8 denotes a 
receiving output terminal. The antenna duplexer 13 and 
the (ow noise amplifier 16 have been connected directly 
without any interposing means. Reference numerals 21 , 
22 are respectively a transmitting terminal and a receiv- 
ing terminal of the antenna duplexer 13. 
[0003] The transmission signal input from the trans- 
mitting input terminal 1 7 is amplified in the power ampli- 
fier 15, and is fed into the transmitting terminal 21 of the 
antenna duplexer 13 through the isolator 14. The isola- 
tor 14 is provided so that the transmission characteristic 
of the power amplifier 15 may not fluctuate even if the 
load of the antenna 1 1 changes. The transmission sig- 
nal output from the antenna duplexer 13 is radiated into 
the air from the antenna 1 1 through the switch 12. 
[0004] On the other hand, the reception signal input 
from the antenna 1 1 is fed into the antenna duplexer 13 
through the switch 12, and is output into the receiving 
terminal 22 of the antenna duplexer 13. This reception 
signal is input to the low noise amplifier 1 6 through a 
phase shifter 10, and amplified, and sent out to the 
receiving output terminal 18. 

[0005] The transmission signal fed into the antenna 
duplexer 13 is also sent to the receiving terminal 22 of 
the antenna duplexer 13. The switch 12 Is not always 
necessary, or two or more switches may be connected 
to the contrary. 

[0006] In such conventional structure, however, 
when the antenna duplexer 13 and the low noise ampli- 
fier 16 are directly connected, the transmission power 
amplified in the power amplifier 15 passes through the 
receiving terminal 22 of the antenna duplexer 13 and is 
mixed into the low noise amplifier 1 6. The transmission 
power amplified possibly causes cross modulation with 
an incoming interference signal from the antenna 1 1 . As 
a result the reception sensitivity deteriorates. 
[0007] In particular, this phenomenon occurs fre- 
quently in the CDMA system wireless communication, 
and it has been difficult to satisfy the interference wave 
input level of -30 dBm in the single wave interference 
characteristic determined in the standard. 



[0008] That is, in the case of CDMA system wire- 
less communication, the transmission signal output to 
the reception signal terminal 22 of the antenna duplexer 
13 is modulated by CDMA, and has a modulation band 

5 width. On the other band, the reception signal input 
through the antenna 11 is a CDMA modulated wave 
same as the transmission signal, but the interference 
signal input through the antenna 1 1 is a non-modulated 
signal. When the non-modulated interference wave and 

70 the CDMA modulated transmission signal are fed into 
the low noise amplifier 1 6, the two- wave input distortion 
occurs. Then the intermodulation distortion and cross 
modulation distortion occurs. The CDMA modulated 
wave has a band. Then the wave caused by the cross 

75 modulation of interference waves and the transmission 
wave covers the reception signal band, thereby disa- 
bling the reception. 

DISCLOSURE OF THE INVENTION 

20 

[0009] It is hence an object of the invention to 
enhance the reception sensitivity and immunity to inter- 
ference signals in a high frequency wireless circuit 
apparatus used in mobile communication appliances 
25 such as a portable telephone and an information com- 
munication terminal. 

[0010] To achieve the object, the high frequency 
wireless circuit apparatus of the invention is composed 
by connecting a phase shifter between an antenna 

30 duplexer and a low noise amplifier, so that the imped- 
ance of the receiving terminal of the antenna duplexer 
at a transmission frequency and the input impedance of 
the low noise amplifier may not be matched in complex 
conjugates of each other. It prevents the transmission 

35 output passing through the receiving terminal of the 
antenna duplexer and the interference signal entered 
through the antenna from causing the cross modulation 
in the low noise amplifier. Thus the reception sensitivity 
and immunity to Interference signal of the high fre- 

40 quency wireless circuit apparatus improve at the same 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0011] 

Rg. 1 is an electric circuit diagram showing a sche- 
matic configuration of a high frequency wireless cir- 
cuit apparatus in embodiment 1 of the invention. 
50 Fig. 2 is an electric characteristic diagram of the 
high frequency wireless circuit apparatus in embod- 
iment 1 of the invention. 

Fig. 3 is an electric circuit diagram showing a sche- 
matic configuration of a high frequency wireless cir- 
55 cuit apparatus in embodiment 2 of the invention. 

Rg. 4 is an electric circuit diagram showing a sche- 
matic configuration of a high frequency wireless cir- 
cuit apparatus in embodiments of the invention. 
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Fig. 5 is a mounting layout showing a schematic 
configuration of a high frequency wireless circuit 
apparatus in embodiment 4 of the invention. 
Fig. 6 is an electric circuit diagram showing a con- 
ventional high frequency wireless circuit apparatus. 

DETAILED DESCRIPTION OF PREFERED EMBPDI- 
MENTS 

[001 2] In the high frequency wireless circuit appara- 
tus of the invention, a switch is connected between an 
antenna and an antenna terminal of an antenna 
duplexer, an isolator is connected between a transmit- 
ting terminal of the antenna duplexer and an output ter- 
minal of a power amplifier, and a phase shifter is 
provided between a receiving terminal of the antenna 
duplexer and an input terminal of a low noise amplifier. 
Thus the reception sensitivity and immunity to interfer- 
ence signal of the high frequency wireless circuit appa- 
ratus can be enhanced simultaneously. 
[0013] Preferably, an impedance of the receiving 
terminal of the antenna duplexer at the transmission fre- 
quency is shifted by the phase shifter by at least ±45 
degrees or more from the point at which the impedance 
matches with an input impedance of the tow noise 
amplifier in complex conjugates of each other. By the 
constitution in which the impedance of the receiving ter- 
minal of the antenna duplexer at the transmission fre- 
quency and the input impedance of the low noise 
amplifier may not be matched in complex conjugates of 
each other. Thus the reception sensitivity and immunity 
to interference signal of the high frequency wireless cir- 
cuit apparatus can be enhanced effectively. 
[0014] Preferably, the phase shifter is composed of 
a transmission line, and the freedom of a connection 
between the receiving terminal of antenna duplexer and 
the input terminal of low noise amplifier can be 
enhanced. 

[0015] Preferably, the phase shifter is composed of 
a band pass filter, so that the high frequency wireless 
circuit apparatus can be further reduced in size. 
[001 6] Preferably, the switch, antenna duplexer, iso- 
lator and power amplifier are formed at one side of a 
double-sided multi-layer substrate, and the phase 
shifter and low noise amplifier are formed at the other 
side of the double-sided multi-layer substrate. Thus a 
direct coupling of transmission signal with the low noise 
amplifier is prevented, so that the reception sensitivity 
and immunity to interference signals of the high fre- 
quency wireless circuit apparatus can be enhanced at 
the same time. 

(Embodiment 1) 

[0017] Fig. 1 is an electric circuit diagram showing a 
schematic configuration of a high frequency wireless 
circuit apparatus in embodiment 1 of the invention. In 
the case of CDMA system wireless communication, as 



the antenna input and output section, generally, the high 
frequency wireless circuit apparatus as shown below is 
used. 

[0018] That is, a switch 12 connected between an 
5 antenna 1 1 and an antenna duplexer 13 is provided for 
testing the high frequency wireless circuit apparatus 
from outside, and the switch 12 may be composed of 
either a mechanical type for changing over the signal 
path or a semiconductor element type. When testing 
10 from outside, the antenna duplexer 1 3 is electrically dis- 
connected from the antenna 1 1 , and is connected to an 
externa! terminal 23. 

[0019] The antenna duplexer is provided for sepa- 
rating the transmission frequency and reception fre- 

15 quency, and in particular a sufficient separation 
characteristic is established so that the transmission 
output may not leak to the reception side. In the embod- 
iment, this separation characteristic is 56 dS or more so 
that the reception sensitivity may not deteriorate. The 

20 antenna duplexer 1 3 may be composed of either dielec- 
tric element or SAW. 

[0020] A low noise amplifier 16 is provided for low- 
ering the noise level at the reception side, and it 
enhances the reception sensitivity of the system. In the 

25 embodiment, the forward power gain of the low noise 
amplifier 1 6 is 1 8 dB or more, the noise figure is 1 .5 dB 
or less, and the equivalent input third-order intermodu- 
lation distortion characteristic -1 dBm or more. 
[0021 ] An isolator 1 4 is connected between a power 

30 amplifier 15 and the antenna duplexer 13. The isolator 
14 transmits the transmission signal only in one direc- 
tion of the antenna duplexer 13 from the power amplifier 
15. Therefore, if the load of the power amplifier 15 is 
changed depending on the antenna 1 1 , the output side 

35 of the power amplifier 15 is free from the effects, thereby 
preventing the deterioration of adjacent-channel leak- 
age power characteristic of the power amplifier 15. As 
shown in Fig. 1 , a phase shifter 10 is used in the embod- 
iment. 

40 [0022] The phase shifter 10 is constituted so that 
the impedance of a receiving terminal 22 of the antenna 
duplexer 13 at transmission frequency and the input 
impedance of the low noise amplifier 16 may not be 
matched in complex conjugates of each other. Hence, 

45 the transmission signal passing through the receiving 
terminal 22 of the antenna duplexer 13 and the interfer- 
ence signal entered from the antenna 1 1 do not cause 
cross modulation in the low noise amplifier 1 6. Since the 
impedance of the receiving terminal 22 of the antenna 

50 duplexer 13 at the transmission frequency and the input 
impedance of the low noise amplifier 16 are not 
matched at complex conjugates of each other, the 
transmission signal power entered in the low noise 
amplifier 16 may be minimum. Thus the reception sen- 

55 sitivity and immunity to interference signal of the high 
frequency wireless circuit apparatus may be enhanced. 
[0023] Incidentally, the phase shifter 10 is not par- 
ticularly required to shift the reception frequency. If the 
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reception frequency is shifted, the desired reception sig- 
nal may be misnnatched with the input innpedance of the 
low noise amplifier 16, and it is hard to feed into the low 
noise amplifier 16. This embodiment is particularly 
effective in the CDMA system wireless communication 
in which the transmission frequency and reception fre- 
quency are close to each other, but it is sufficiently 
effective also in the conventional FDMA or TDMA sys- 
tem wireless communication in which the transmission 
frequency and reception frequency are remote from 
each other. 

[0024] A filter 24 is connected in a later stage of the 
low noise amplifier 1 6, and the filter 24 is followed by a 
reception mixer 25. The input impedance of this filter is 
designed to be matched at the reception frequency and 
mismatched at the transmission frequency. Therefore 
the input impedance of the low noise amplifier 1 6 has an 
effect of the input impedance of the filter 24. Therefore, 
shifting of the transmission frequency by the phase 
shifter 1 0 is effective. 

[0025] Fig. 2 is an electric characteristic diagram of 
the high frequency wireless circuit apparatus in embod- 
iment 1 of the invention. In Fig. 2. the axis of abscissas 
represents the shifting extent of the impedance of trans- 
mission frequency by the phase shifter 10 at the receiv- 
ing terminal 22 of the antenna duplexer 13, and the axis 
of ordinates denotes the level of interference signal 
entered through the antenna 11 . As shown in Fig. 2, 
when the shifting extent of the impedance at the trans- 
mission frequency at the receiving terminal 22 of the 
antenna duplexer 13 by the phase shifter 10 is more 
than ±45 degrees, a signal can be entered from the 
antenna 1 1 to a certain interference signal level. How- 
ever, when the shifting extent is smaller than ± 45 
degrees, the allowable values of interference signal lev- 
els deteriorate extremely. 

[0026] In the embodiment, the shifting extent of 
impedance at the transmission frequency at the receiv- 
ing terminal 22 of the antenna duplexer 1 3 by the phase 
shifter 1 0 is set at 70 to 1 1 0 degrees so as to be realized 
easily in an actual circuit, but the non-deteriorating 
range of characteristic may be defined by the shifting 
extent ranging from -180 to -45 degrees, or 45 to 180 
degrees. Hence it is possible to alleviate the equivalent 
input third-order intermodulation distortion characteris- 
tic of the low noise amplifier 16. Or, the input level of 
interference wave can be increased. 

(Embodiment 2) 

[0027] Rg. 3 is an electric circuit diagram showing a 
schematic configuration of a high frequency wireless 
circuit apparatus in embodiment 2 of the invention. As 
shown in Fig. 3, the phase shifter 10 is composed of a 
transmission line 10a. A microstrip line, a strip line, a 
coaxial line, or any other system may realize the trans- 
mission line 10a. In the embodiment, in particular, 
microstrip lines or strip lines connect the receiving ter- 



minal 22 of the antenna duplexer 13 and the low noise 
amplifier 16. This is because the transmission loss is 
reduced between the receiving terminal 22 of the 
antenna duplexer 13 and the low noise amplifier 16, and 

5 the connection is easy. 

[0028] In the embodiment, the connection between 
the receiving terminal 22 of the antenna duplexer 13 
and the low noise amplifier 16 is realized from one side 
of the double-sided substrate to the other side of the 

10 double-sided substrate. When this double-sided sub- 
strate is composed in a multi-layer substrate, it is effec- 
tive for the inner layer grounding to prevent high- 
frequency coupling of the transmission signal with the 
low noise amplifier 16. 

15 

(Embodiment 3) 

[0029] Fig. 4 is an electric circuit diagram showing a 
schematic configuration of a high frequency wireless 

20 circuit apparatus in embodiment 3 of the invention. As 
shown in Fig. 4, the phase shifter 10 is composed of a 
band pass filter. Herein, the state composed by the 
transmission line 10a is realized with lumped element 
circuits, and it is composed of capacitors and a coil. 

25 [0030] In this composition, by adjusting the capaci- 
tor or coil, the shifting extent of the phase shifter 1 0 can 
be freely changed, so that the reception sensitivity and 
immunity to interference signal of the high frequency 
wireless circuit apparatus can be optimally enhanced. 

30 [0031] In Fig. 4, in order to minimize the effects of 
second harmonics and third harmonics of the transmis- 
sion signal, the band pass filter for composing the 
phase shifter 1 0 is of low pass type. However, a high 
pass type may also realize the phase shifter 10. 

35 

(Embodiment 4) 

[0032] Fig. 5 is a mounting layout of a high fre- 
quency wireless circuit apparatus in embodiment 4 of 

40 the invention. As shown In Fig. 5, the switch 1 2, antenna 
duplexer 13, isolator 14 and power amplifier 15 are 
formed at one side of a double-sided substrate 20, and 
the phase shifter 10 and low noise amplifier 18 are 
formed at other side of the double-sided substrate 20. In 

45 this state, an intermediate layer 30 of the double-sided 
substrate 20 is a grounding pattern. 
[0033] In this constitution, therefore, by the ground- 
ing pattern of the intermediate layer 30 of the double- 
sided substrate 20, direct mixing of transmission output 

50 from the power amplifier 15 into the low noise amplifier 
16 is shielded. As the result, the reception sensitivity 
and immunity to interference signal of the high fre- 
quency wireless circuit apparatus can be enhanced at 
the same time. 

55 [0034] Incidentally, the phase shifter 10 may be dis- 
posed at one side only of the double-sided substrate 20. 
In this constitution, the transmission unit and reception 
unit can be separated by the double-sided substrate 20. 
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INDUSTRIAL APPLICABILITY 

[0035] According to the invention, as described 
herein, a switch is connected between an antenna and 
an antenna terminal of an antenna duplexer, an isolator 5 
is connected between a transmitting terminal of the 
antenna duplexer and an output terminal of a power 
amplifier, and a phase shifter is provided between a 
receiving terminal of the antenna duplexer and an input 
terminal of a low noise amplifier. Therefore the recep- io 
tion sensitivity and immunity to interference signals of 
the high frequency wireless circuit apparatus can be 
enhanced simultaneously. It also solves the problems of 
deterioration of reception sensitivity due to cross modu- 
lations caused by the interference signal entered i5 
through the antenna and the transmission power ampli- 
fied by the power amplifier, which passes through the 
receiving terminal of the antenna duplexer and mixes 
into the low noise amplifier. 

20 

List of Reference Symbols 
[0036] 

1 1 Antenna 25 

12 Switch 

13 Antenna duplexer 

14 Isolator 

15 Power amplifier 

1 6 Low noise amplifier 30 

1 7 Transmitting input terminal 

1 8 Receiving output terminal 

20 Double sided substrate 

21 Transmitting terminal 

22 Receiving terminal 35 

23 External terminal 

24 Filter 

25 Receiving mixer 
30 Intermediate layer 

40 

Claims 

1, A high frequency wireless circuit apparatus com- 
prising: 

45 

a switch connected to between an antenna and 
an antenna terminal of an antenna duplexer; 
an isolator connected between a transmitting 
terminal of the antenna duplexer and an output 
terminal of a power amplifier; and so 
a phase shifter disposed between a receiving 
terminal of said antenna duplexer and an input 
terminal of a low noise amplifier. 

2. The high frequency wireless circuit apparatus of 55 
claim 1, wherein an impedance of the receiving ter- 
minal of the antenna duplexer at a transmission fre- 
quency is shifted by at least ±45 degrees or more 



from the point at which the impedance matches 
with an input impedance of the low noise amplifier 
in complex conjugates of each other by means of 
said phase shifter. 

3. The high frequency wireless circuit apparatus of 
claim 1 . wherein said phase shifter is composed of 
a transmission line. 

4. The high frequency wireless circuit apparatus of 
claim 1 , wherein said phase shifter is composed of 
a band pass filter. 

5. The high frequency wireless circuit apparatus of 
claim 1 , wherein said switch, the antenna duplexer, 
said isolator and the power amplifier are formed on 
one side of a double-sided multi-layer substrate, 
and said phase shifter and a low noise amplifier are 
formed at the other side of said doubie-sided multi- 
layer substrate. 

Amended claims under Art. 19.1 PCT 

1. (Amended) A high frequency wireless circuit 
apparatus for transmitting and receiving thorough 
an antenna duplexer comprising: 

an antenna connected to an antenna terminal 
of said antenna duplexer; 
an isolator connected between a transmitting 
terminal of said antenna duplexer and an out- 
put terminal of a power amplifier; and 
a phase shifter disposed between a receiving 
terminal of said antenna duplexer and an Input 
terminal of a low noise amplifier. 

2. (Amended) The high frequency wireless circuit 
apparatus of claim 1, wherein said phase shifter 
shifts a impedance of the receiving terminal of said 
antenna duplexer at a transmission frequency by at 
least ±45 degrees or more from a point at which the 
impedance matches with an input impedance of the 
low noise amplifier in complex conjugates of each 
other 

3. The high frequency wireless circuit apparatus of 
claim 1 , wherein said phase shifter is composed of 
a transmission line. 

4. The high frequency wireless circuit apparatus of 
claim 1 , wherein said phase shifter is composed of 
a band pass filter 

5. The high frequency wireless circuit apparatus of 
claim 1 , wherein a switch, said antenna duplexer, 
said isolator and the power amplifier are formed on 
one side of a double-sided multi-layer substrate, 
and said phase shifter and the low noise amplifier 
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are formed at the other side of said double-sided 
multi-layer substrate. 
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